Objective. The purpose of this study was to assess the effects of glucose fluctuation targeted intervention on neurologic function, independent living skills, and quality of life in type 2 diabetes patients following the first episode of cerebral infarction (CI). Methods. This was a randomized control trial. Following confirmed cerebral infarction, 75 patients with type 2 diabetes were randomized into 2 groups: control group (n = 37) with usual care, focused on hemoglobin A1c (HbA1c) control, targeting A1c < 7%, and intervention group (n = 38), targeting both A1c < 7%and daily glycemic fluctuation (largest amplitude of glycemic excursions (LAGE < 80 mg/dL)). Results. After 6 months, data from 63 patients were analyzed (30 in the control group, 33 in the intervention group). There was no difference (P > 0:05) in the reduction of A1c between the 2 groups, but the reductions of LAGE (P = 0:030), 1,5-anhydroglucitol (1,5-AG) (P = 0:023), 2-hour postprandial blood glucose (2hPG) (P = 0:041), and low-density lipoprotein cholesterol (LDL-c) (P = 0:046) were significantly different. The National Institutes of Health Stroke Scale (NIHSS) score of the intervention group was better than the control group (2:35 ± 0:81 vs. 3:50 ± 2:24, P = 0:047). In terms of quality of life, there was no significant between-group difference in total Stroke Impact Scale (SIS) score, but in the intervention group, scores in the strength, hand function, and participation dimensions were higher than those in the control group (P = 0:041, P = 0:049, and P = 0:048, respectively). Conclusion. Glucose fluctuation targeted intervention can improve nerve function for patients with T2DM following the first CI episode. This trial is registered with NCT03932084.
Introduction
Diabetes mellitus is an independent risk factor for cerebral infarction. People with diabetes have more than double the risk for cerebrovascular diseases, after controlling for confounding, relative to individuals without the disease [1] . Interestingly, even in patients without known diabetes, hyperglycemia occurs in 20-40% following acute ischemic stroke [2] .
The relationship between HbA1c and risk of microvascular disease in patients with diabetes is well-established; the impact of tighter glycemic control on macrovascular complications, however, is not as robust [3] [4] [5] . Since HbA1c neither captures glycemic variation nor does it provide any information on glucose dynamics [6] , we propose that the use of HbA1c alone is not sufficient to assess the risk for macrovascular complications and the metabolic status of patients with type 2 diabetes mellitus (T2DM).
Glucose fluctuation, also known as glucose variability (GV), refers to variations in blood glucose levels and, more broadly, to blood glucose oscillations that occur throughout the day. These may include periods of hypoglycemia and postprandial hyperglycemia, as well as day-to-day glycemic variations [7] . Recent studies have demonstrated that compared with sustained hyperglycemia, increased glycemic variation has been considered a major risk factor in the development of diabetes macrovascular complications [8] [9] [10] . Utilizing a continuous glucose monitoring system (CGMS), an Italian observational study with a cohort of 1,409 subjects with T2DM aged 56-74 years followed up to 10 years found that fasting plasma glucose variation coefficient (CV-FPG) was an independent predictor of cardiovascular mortality [11] , even in patients with similar mean glucose levels [12] . A recent study [13] revealed that patients with elevated glycemic variability had significantly higher SYNTAX scores, an indicator of coronary artery lesion severity. Indeed, SYNTAX scores remained significantly associated with high GV, independent of HbA1c. There is a significant association between glycemic fluctuation and the incidence of diabetes macrovascular complications. Therefore, understanding the impact of glycemic fluctuations on diabetic macroangiopathy could be inform strategy for prevention and treatment of macroangiopathy in patients with diabetes.
Previous studies have been observational. To our knowledge, however, there has been no prospective intervention study confirming the effects of glucose fluctuation targeted management on the prognosis of T2DM patients following CI. The present randomized control trial sought to establish glucose fluctuation as an important target for management on metabolic index, neurologic function, and quality of life in T2DM patients following CI.
Methods
2.1. Participants. Participants were recruited between February 2017 and July 2017 from the Departments of Neurology and Endocrinology at the Hospital on Integration of Chinese and Western Medicine, an affiliate of the Nanjing University of Chinese Medicine. One hundred and four participants with a history of T2DM following CI were recruited. All participants underwent a medical examination, and a total of eighty-four participants fulfilled the inclusion criteria. Finally, 75 participants were willing to participate in this project.
Inclusion and Exclusion
Criteria. The inclusion criteria were subjects (1) aged ≥18 years; (2) with CI within one month, diagnosed by magnetic resonance imaging (MRI) or computed tomography (CT) according to 1995 acute cerebral infarction diagnosis standards promulgated by the Fourth National Cerebrovascular Disease Conference [14] ; and (3) having T2DM (as defined by the WHO diagnostic criteria in 1999) [15] . Exclusion criteria were (1) coexisting acute complications of diabetes including diabetic ketoacidosis (DKA), hyperglycemic hyperosmolar syndrome (HHS), and metabolic acidosis; (2) severe comorbid chronic complications of diabetes; (3) active malignancy; (4) subjects with mental illness and communication disorders; and (5) those actively participating in other research studies.
2.3. Sample Size. Sample size was calculated considering the expected change of the NIHSS score of the participants. NIHSS score was the primary study endpoint; our previous preliminary experiment has reported a reduction of the NIHSS score by 2.18. Sample size was calculated to have 90% power to detect a moderate 2.0-SD difference in the NIHSS score, with an alpha/α value of 0.05. Additional participants were recruited until the required number was achieved (n = 23) per group, with an anticipated dropout rate of 20%. Thus, we planned to recruit 66 subjects. Among 84 eligible participants, 75 subjects finally participated in this study.
Trial Design and Randomization.
A total of 75 participants met inclusion criteria and were willing to participate in the study. Participants were randomized into two groups: (1) control group (n = 37) and (2) intervention group (n = 38) ( Figure 1 ). The study was approved by the ethics committee of the Affiliated Hospital of Integrated Traditional Chinese and Western Medicine. Participants provided written informed consent prior to enrollment. All methods were carried out in accordance with approved guidelines and regulations.
2.5. Scales 2.5.1. National Institutes of Health Stroke Scale (NIHSS). The NIHSS is an impairment scale used to measure stroke severity. It was originally developed in 1989 [16] and is now widely used in clinics and is recommended as a valid tool to assess stroke severity in emergency departments.
The NIHSS includes the following domains: level of consciousness, sensory, neglect, visual field, gaze, facial palsy, motor arm, motor leg, limb ataxia, language, and dysarthria. Each domain is scored on an ordinal scale ranging from 0 to 2, 0 to 3, or 0 to 4. Item scores are summed to a total score ranging from 0 to 42 (the higher the score, the more severe the stroke).
Modified Rankin Scale (MRS).
Stroke outcome is most commonly rated by the modified Rankin scale [17] because of its well-established validity and rapid application; it can discriminate clinically relevant levels of disability and recovery in clinical trials [18] [19] [20] . We used a modified Rankin scale [21] to create a more comprehensive assessment of CI patients' independence and living ability to also include physical function and activities of daily living (ADLs). The 0-6 Likert scale is as follows: 0, no symptoms; 1, no significant disability; 2, slight disability; 3, moderate disability; 4, moderately severe disability; 5, severe disability; and 6, dead. The higher the score, the worse the patient's prognosis. When evaluating prognosis, a score ≦ 2 was classified as a "good".
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Journal of Diabetes Research 2.5.3. Stroke Impact Scale (SIS). The Stroke Impact Scale is a specific scale that evaluates disability and health-related quality of life after stroke [22] . The scale has been translated into Chinese, with well-validated reliability and sensitivity [23] . (1) During Hospitalization.
(1) Monitor subjects' blood glucose by point-of-care capillary blood glucose testing (Yueyou II, Yuwell) during hospitalization (fasting, two-hour postprandial, and bedtime) and calculate as the difference between the highest and the lowest blood glucose values during one day (LAGE), the ratio of standard deviation and mean (CV-FPG) (2) Individual diabetes education is the one-on-one education for patients and their families by diabetes specialist nurses. Educational content takes 60 minutes to deliver and includes skills related to diabetes selfmanagement, basic knowledge of diabetes, diet, exercise, medication, blood glucose monitoring, risks of glucose fluctuations, and hypoglycemia. Insulin selfadministration skills were taught and reinforced to those patients requiring insulin as part of their management plan (3) Teaching patients and their families to use blood glucose meters and correctly record results. The diabetes specialist nurses demonstrate correct methods for self-monitoring blood glucose, explain the operation precautions, and ask the patient or family to perform repeated operation training under supervision until skills are mastered (2) During Discharge. Patients were given standard hospital discharge instructions, home blood glucose monitors, test strips, and log books and were asked to monitor their blood glucose 5 times (fasting, 2 hours postprandially, and before sleep) daily following hospital discharge. (fasting plasma glucose ðFPGÞ < 7 mmol/L (126 mg/dL), 2hPG < 10 mmol/L (180 mg/dL), and A1c < 7%, no hypoglycemia). If hyper-or hypoglycemia did occur, researchers (diabetes educators) explored potential causes with each patient. Causes related to lifestyle (such as dietary indiscretion and unanticipated exertion) prompted exploration of self-care behavioral solutions between the patient and the educator. For an absent obvious cause, physician endocrinology referral was made for potential medication adjustment and further evaluation. Participants received telephone follow-up one week following discharge; thereafter, follow-up was conducted monthly for six months.
Intervention
Group. In addition to control group intervention parameters, we also added LAGE < 80 mg/dL as one management goal. Even if FBG, 2hPG, and A1c were all within the target range, LAGE ≥ 80 mg/dL prompted initial careful assessment of dietary intake, physical activity, and activities of daily living. If out-of-range LAGE was attributed to lifestyle, researchers would work with patients to find a self-care behavioral solution for the glycemic fluctuation and set behavioral goals. For an absent apparent cause for abnormal LAGE, patients were referred to a physician endocrinologist for further guidance. If a patient's FPG was <80 mg/dL, the physician would adjust the medications for the patient to increase his or her FPG to minify the LAGE; otherwise, the doctor would increase the patient's dosage or medications to decrease the 2hPG. At subsequent follow-up visit, we evaluated glucose fluctuation and target completion. Figure 2 details follow-up visit procedures. As an example, if a patient's FPG was 5 mmol/L (90 mg/dL), and his 2hPG was 9.5 mmol/L (171 mg/dL), he would receive no intervention if he was in the control group, but if he was in the intervention group, the team would aim to reduce his 2hPG, thus targeting a LAGE < 80 mg/dL.
2.7. Data Analysis. All analyses were performed using IBM SPSS version 22 (IBM Corp, Armonk, NY, USA). Data was presented as mean ± SD; the significance of differences in outcomes between the two groups was assessed using t-tests when the data was normally distributed and using nonparametric tests of two independent samples when the data was 
Results
A total of 75 participants were enrolled in the study and were randomly assigned to the intervention group (n = 38) or the control group (n = 37). By study's end, a total of 63 participants completed the 6-month intervention (16% dropout rate). The reasons for dropping out were the voluntary withdrawal and the loss to follow-up (n = 5, n = 6), and one participant was deceased ( Figure 1 ). As shown in Table 1 , the two groups did not differ significantly at baseline. Following intervention, there was no difference in HbA1c between the intervention group and the control group (P > 0:05) ( Table 2) ; the difference values of LDL-c (P = 0:046), 2hPG (P = 0:041), and LAGE (P = 0:030) were significantly decreased, whereas the 1,5-AG (P = 0:023) level was significantly increased in the intervention group compared to the control group (Figures 3-5) .
Within the intervention group, 2hPG (P = 0:041), HbA1c (P = 0:011), and LAGE (P = 0:015) were significantly reduced, whereas the 1,5-AG was significantly improved (P < 0:001) after 6 months (Table 3) .
Within the control group, hip circumference (HC), highdensity lipoprotein cholesterol (HDL-c), LDL-c, and 1,5-AG were improved compared to baseline (P < 0:001) ( Table 4) .
There was no difference in the NIHSS score between the groups (P > 0:05) at baseline; after 6 months, the NIHSS score was significantly lower in the intervention group compared to the control group (P = 0:012) ( Table 5) .
There was no significant difference in the scores of each dimension and total scores of SIS between the two groups before intervention (P > 0:05). After 6 months, the control group had a total score of 559:43 ± 112:53, and the intervention group had a total score of 615:47 ± 87:94. There was no statistically significant difference between the two groups. However, in the two dimensions of strength and hand function, the intervention group had a statistically significant better performance (P < 0:05) ( Table 6 ).
The changes in the blood glucose measurement value at the 5 points (blood glucose self-monitoring by finger stick) and hypoglycemia were reported in Table 7 . There was no difference between two groups in the changes of 5 points of blood glucose measurement and hypoglycemia occurrence.
Discussion
This is the first prospective study examining the impact of glucose fluctuation targeted intervention on outcomes in patients suffering a neurological insult. We found that after 6-month individualized glucose fluctuation target management, nonsignificant differences were observed in HbA1c between groups. Interestingly, our data noted a statistical improvement in LAGE, 1,5-AG, nerve function, and quality of life in the intervention group compared with the control group.
In the current study, due to the synergistic effects of behavioral intervention and drug regimen adjustment, LAGE, an index reflecting intraday blood glucose fluctuations, decreased significantly in the intervention group. Because of nonsignificant differences in HbA1c at baseline, we attributed the benefits in LAGE to glucose fluctuation target management. Our study suggested that it is worth paying additional attention to the LAGE (≥4.4 mmol/L) and making corrections by means of lifestyle intervention or medication adjustment. CD4+T cell modifications related to atherosclerosis [25] . A Japanese study verified that decreased levels of 1,5-AG were a risk factor for macrovascular diseases, especially in males [26] . In addition, patients with low levels of 1,5-AG were 4.07 times more likely to have CI than those with high levels of 1,5-AG [27] . In our study, we included patients with CI. Therefore, whether increased 1,5-AG is beneficial to prevent recurrence of CI remains to be studied. Data are shown as mean ± SD, * P < 0:05 for baseline vs. after 6-month within-group.
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In our study, the intervention group demonstrated decreased neurologic impairment when compared to controls. It is worth noting that there was no statistically significant difference between the two groups in HbA1c following intervention, but LAGE and 1,5-AG were significantly improved in the intervention group. This indicates that improvement in neurologic function in the intervention group may have been due to reduction in glucose fluctuation. Long-term data from UKPDS, DCCT, VADT, and other large studies have confirmed that controlling HbA1c to the ideal level can significantly reduce the occurrence of microvascular complications but cannot necessarily effectively reduce the incidence of cardiovascular and cerebrovascular events in patients with diabetes [28] .
Our findings conclude that following 6-month glucose fluctuation target management, the MRS score, used as the evaluation tool for predicting CI prognosis [18] , was lower in the intervention group (1:48 ± 0:76) than the control group (1:53 ± 0:90). Furthermore, 90.91% of patients in the intervention group had a good prognosis (MRS ≤ 2) with only 86.67% in the control group. Nevertheless, we did not observe statistically significant between-group differences in the MRS scores. Two reasons might account for this difference: first, the present study had a relatively small sample size and short intervention duration; and, second, subjects included in this study were motivated patients with mild disease. Previous data showed that amplitude of glucose fluctuation may directly affect or even determine the prognosis of T2DM patients with CI [29] , indicating that glucose fluctuation target management has an important effect on the prognosis of vascular complications of diabetes. Therefore, in a future study, we could extend the intervention duration Our finding revealed that after 6-month glucose fluctuation target management, there was no statistically significant difference in total scores of SIS in patients with glucose fluctuation target management when compared to usual care. However, in the intervention group, strength, hand function, and participation dimensions of SIS increased significantly relative to the control group. In this study, we found that patients with postprandial hyperglycemia benefitted from focusing on dietary guidance, postprandial exercise guidance by way of increased strength, and hand function. Furthermore, "one-to-one" follow-up encouraged patients to communicate with their clinical team, to investigate causes of dysglycemia and fluctuations in overall glycemic control and set behavioral change goals, greatly improving the patient's ability to participate in diabetes self-care. In contrast, Ma et al. [30] reported that blood glucose management in patients with T2DM combined with CI can improve ADLs. This discrepancy may be related to the fact that patients in their study received systematic rehabilitation early in their hospitalization. But in our study, we mainly focused on glucose fluctuation target management and provided some exercise guidance according to the patient's glycemic fluctuation value, for an absent global approach to systematic rehabilitation training. Thus, it should be noted that both the glucose fluctuation target management and the rehabilitation of nerve function are indispensable for patients with T2DM combined with CI. A future study to standardize the rehabilitation training of patients after discharge is needed.
At present, most studies on the glycemic fluctuation in T2DM patients with CI were cross-sectional studies. To our knowledge, ours is the first prospective study to target glucose fluctuation management. Glucose fluctuation target management can be generalized to T2DM patients with cerebrovascular disease in the further research.
Limitations of this study warrant mention. First, the overall sample size was relatively small and the subjects included in this study were patients with mild disease who were willing to cooperate, which may be biased and limit the power of some conclusions. Second, the 6-month intervention in this study was relatively short. Future studies involving the intervention time can be extended to 1-2 years. Third, due to budget limitations, instead of continuing glucose monitoring (CGM), self-monitoring of blood glucose (SMBG) was used to evaluate glycemic fluctuation, and blood glucose values before lunch and dinner were not routinely checked, which could increase the risk of hypoglycemia. In future studies, CGM will be used to assess glucose fluctuation for more comprehensive and accurate data.
In conclusion, the results of this study suggested that after 6 months, patients receiving glucose fluctuation management achieved better 2hPG, 1,5-AG, LAGE, and LDL-c, reduced neurologic defect, and improved the quality of life when compared to controls. However, both the control and intervention groups had similar effects in increasing functional status. This study provides valuable information to guide diabetes clinicians in targeting glucose fluctuation in order to promote better glycemic control, lipid profile, and overall quality of life in patients with DM-related macrovascular disease.
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